I n 1921, at a tim e w h e n C h a rle s B est w as o nly 22 years o f age, th e re a p p e a re d in th e M e d ic a l B u ild in g o f th e U n iv e rs ity o f T o r o n to a n o tice w h ic h read: 'U n iv e rs ity o f T o r o n to P h y sio lo g ical J o u rn a l C lu b N o v . 1 4 t h -4 o 'clock -R oom 17
S p e a k e rs -D r. B a n tin g M r. B est S u b je c t -P a n c re a tic D ia b e te s '. In th is q u ie t fash io n a m ed ical re v o lu tio n w as fo re sh a d o w e d w h ich u ltim a te ly m ad e p o ssib le th e e n jo y m e n t o f life, in good h e a lth , o f m illio n s o f d ia b e tic p e o p le w ho o th e rw ise , b e fo re 1922, w o u ld have faced an early d e a th . In 1972 D r C. H . B est h im se lf e s tim a te d th a t 'a p p ro x im a te ly one h u n d r e d a n d th irty m illio n p eo p le have tak en in su lin since 1922. S om e o f th e m h ave lived 50 y e a rs ' (30). * T o have b e e n th e jo in t d isc o v e re r o f in su lin at th e o u tse t o f a c a re e r in m ed ic al science m ig h t have b een a d isa b ility for one w ho aim ed at m ak in g s u b s e q u e n t d isco v eries, b u t th e a c c o u n t th a t follow s late r o f his research a c tiv itie s show s th a t th is w as n o t so for C h a rle s B est. In a fo re w o rd to a F e s ts c h rift for C h a rle s H e r b e rt B est w h ich w as p u b lis h e d in 1968 th e C h a n c e llo r of th e U n iv e rs ity o f T o ro n to , D r O . M . S o la n d t, w ro te 'M o s t sc ie n tists w ho m ake disco v eries, even ones th a t lead to im p o rta n t e n d p ro d u c ts , have little c o n ta c t w ith th o se w h o m th ey h e lp . P ro b a b ly all of us have b e n e fite d g rea tly fro m th e w ork of E in ste in , b u t I d o u b t if he w as s to p p e d on th e stre e t by p eo p le w ho w a n te d to th a n k h im p e rso n a lly fo r th e g re a t effect th a t th e th e o ry of * N u m b e rs relate to the B ibliography: those in p aren th eses refer to review s and those in square b rack ets to scientific papers. general relativ ity had on th e ir lives. T h e discovery o f in su lin was d ifferent. L ite rally m illio n s of d iab etics all over th e w orld feel p erso n ally in d e b te d to B an tin g and Best. As w ith D r B anting, w h e re v er D r Best has gone he has b een e n g u lfed by an in ten se p ersonal reco g n itio n of h im se lf and his w ork. H e has received q u ite exceptional p u b lic as well as p rofessional acclaim for his a c h ie v e m e n ts.' B ut such acclaim did n o t in d u ce h im to rest u p o n his laurels, as m ig h t easily have b een tru e for m an y o th ers. 2 
Biographical Memoirs
A n c e s t r y a n d e a r l y l i f e (a) Ancestry C h a rle s H e rb e rt Best was b o rn of C a n a d ian p a re n ts in W est P em b ro k e, M a in e , on th e U n ite d S tates side of th e C a n a d a -U .S. A . b o rd e r, on 27 F e b ru a ry 1899. H e was a sev en th g e n e ra tio n C a n a d ian , and very p ro u d of th a t fact. T w o of his ancesto rs, W illiam B est and J o h n B u rb id g e, w en t to B ritish N o rth A m erica to g e th e r fro m C ow es, Isle of W ig h t, E n g la n d , in 1749, w ith G o v e rn o r C o rn w allis, for th e fo u n d atio n of H alifax, N ova S cotia. T h e y b o th took co m m issio n s in th e local m ilitia, and in 1758 th ey b o th becam e m e m b e rs of th e new ly esta b lish e d first L egislativ e A ssem bly in B ritish N o rth A m erica. T h e y b o th a c q u ired large areas of land and p la n te d h u g e apple o rc h a rd s in th e fertile A n n ap o lis and C o rn w allis V alleys. T h e y w ere jo in tly c o n c ern e d in th e b u ild in g of the first p ro te s ta n t c h u rc h in B ritish N o rth A m e ric a -St P a u l's in H alifax, w h ere th ey w ere w a rd e n s-and in laying o u t the p u b lic g a id e n s in H alifax. W ith the aid o f th e ir ow n fu n d s they b u ilt th e first St Jo h n s C h u rc h in C ornw allis.
T h e fam ily tree in clu d es F ish ers, w ho cam e fro m Y o rk sh ire to N ew E n g la n d and th en ce to N ova S cotia, O 'B riens fro m L o n d o n d e rry , N o rth e rn Ire la n d , P ineos of H u g u e n o t b a c k g ro u n d and D u rlin g s of D u tc h e x tra ctio n . S om e of th e B ests of N ova Scotia w ere naval officers, and som e w ere d o c to rs and m e m b e rs of o th e r p ro fessio n s b u t m ost of th e m w ere grow ers of apples. In the fam ily of C h arles Best s fath e r th ere w ere tw o ph y sician s, a tra in e d n u rse and a U n ite d S tates S e n a to r. 1 h ere was n a tu ra lly in te rm a rry in g am ong m e m b e rs of th e ex te n d e d B est fam ily, and C h arles B e st's g ra n d m o th e rs w ere first cousins. C h arles B e st's m o th e r w as b o rn L u ella M ay F ish e r at W aterv ille, N ova S cotia. H e r fa th e r died w hile she was still y o u n g and she was b ro u g h t up w ith h e r co u sin s th e N ew co m b es, w ho w ere s h ip b u ild e rs at P o rt W illiam s, N ova Scotia.
C h a rle s B e st's fath er, H e rb e rt H u e stis B est, a tte n d e d D alh o u sie U n iv e rsity , H alifax, N ova S cotia, and in te n d e d to co m p lete a m edical co u rse at M cG ill U n iv e rsity , M o n tre a l. B ut after a p e rio d of illness he fin ish ed his m ed ical e d u c a tio n in N ew Y ork C ity , g ra d u a tin g w ith h o n o u rs . 'W h a t w as to have b e e n a b rie f lo cu m te n e n s (in g en eral p ra c tic e ) on th e M a in e -N e w B ru n sw ic k b o rd e r tu rn e d o u t to be 45 years o f d e v o te d a n d e x p e rt m ed ical service in a sm all to w n a n d c o u n try p ra c tic e in w h ich m y N o v a S co tia m o th e r c o n s ta n tly play ed a vital ro le ' (23). A lth o u g h C h a rle s B e s t's p a re n ts lived on th e U n ite d S ta te s sid e o f th e b o rd e r, his fa th e r o fte n took p a tie n ts w h o w ere se rio u sly ill to a h o s p ita l in S t S te p h e n , N ew B ru n sw ic k . F o r a p e rio d of 2 years D r H e r b e rt B est h ad a sm all p riv a te h o sp ita l in E a s tp o rt, M a in e . H is b u sy p ra c tic e as a c o u n try d o c to r co v ered a 4 0 -m ile s tre tc h o f th e N ew B ru n s w ic k -M a in e b o r d e r an d o f n ecessity m u c h o f th e tra v e llin g it in v o lv e d d e p e n d e d u p o n h o rse s. M rs C. H . B est has w ritte n th a t 'w h e n 5 y ears old C h a rle y a c c o m p a n ie d his fa th e r to N o v a S co tia (h e lp in g w ith th e d riv in g ) to b rin g back a rac in g m are fro m his g r a n d f a th e r 's farm in th e A n n a p o lis V a lle y '.
(b) E arly life
C h a rle s B est a tte n d e d schools in W est P e m b ro k e , M a in e , b u t for v a c atio n s th e fam ily w e n t to N o v a S cotia, a n d he d e v e lo p e d th e re a love o f h o rse s w h ich re m a in e d fo r th e rest o f his life. In his teen s C h a rle s d ro v e h o rse s at th e c o u n try fairs n e a r his h o m e, a n d d u rin g th e C h ristm a s h o lid a y s he a n d his fa th e r raced th e ir h o rse s on th e w in te r ro ad s an d , m o st e x c itin g o f all, on th e ice o f a n e a rb y lake. O n e o f C h a rle s 's e arliest re c o lle c tio n s of v acatio n s in N o v a S co tia w as o f d isc u ssio n s o f m edical lore w ith h is fa th e r w h ile th ey w a tc h e d th e lo ad in g of th o u sa n d s o f b a rre ls o f N o v a S c o tia n a p p le s w h ic h w ere d e stin e d fo r E n g la n d (23).
C h a rle s 's p a te rn a l a u n t A n n a , like m an y N o v a S co tian girls, tra in e d for n u rs in g at th e M a ss a c h u s e tts G e n e ra l H o sp ita l in B o ston, U .S .A . L a te r in life she b ecam e d ia b e tic a n d re tu rn e d to B oston for tre a tm e n t in th e clinic o f D r E llio tt P. Jo slin , w h o m she h ad m e t m an y years b e fo re w h en th e y w ere b o th tra in in g at th e M a ssa c h u se tts G e n e ra l H o sp ita l. W h ile liv in g w ith h e r b r o th e r and his fam ily she follow ed th e s e m i-sta rv a tio n re g im e n w h ich , b e fo re th e a d v e n t o f in su lin , was a co m m o n m e th o d for th e tre a tm e n t of d iab etes; b u t in 1918, a few years b efo re in su lin b ecam e av ailab le, she d ied in d ia b e tic com a. As co u ld be e x p ected h e r tre a tm e n t a n d its u ltim a te failu re m ad e a d eep im p re ssio n on h e r n ep h ew .
C h a rle s B est rec o rd s th a t his m edical tra in in g beg an at th e age o f 12 w h e n , in em erg en cies, he was called u p o n by his fa th e r to a d m in is te r a n a e sth e tic s. H e n a tu ra lly th o u g h t early o f b e c o m in g a general m edical p ra c titio n e r, b u t late r e v e n ts tu rn e d his in te re sts to w a rd s m edical rese a rc h , w ith a special in te re st in d iab e tes.
In 1916 he m o v ed to T o ro n to , living w ith relatives a n d stu d y in g at th e H a rb o rd C olleg iate In s titu te for U n iv e rsity e n tra n c e , a n d th e n , in the follo w in g year, he e n te re d a general a rts c o u rse in th e U n iv e rsity of T o r o n to , and was elected P re sid e n t o f his year. B ut his m ain c o n c ern was to jo in th e C an ad ian a rm e d forces in th e 1914-18 W a r, a n d a lth o u g h he v o lu n te e re d again and again he was at first reg u la rly rejected b ecause o f a c ard iac systolic m u rm u r. T h is was s u rp risin g in view o f his o b v io u s physical fitness, b u t he was u ltim a tely accep ted afte r th e disco v ery h ad b een m ade th a t th e m u rm u r d isa p p e a re d w ith exercise.
(c) M ilita ry service
In th e su m m e r o f 1918 B est b ecam e a m e m b e r o f th e 70th B a tte ry of F ield A rtille ry , th e n in tra in in g at P etaw aw a, O n ta rio . B ecause he had rid d e n and d riv e n ho rses since c h ild h o o d he fo u n d m u c h of th e tra in in g easy, even th o u g h it so m etim es involved rid in g 80 m iles in a day. H e d id well at ho rseb ack w re stlin g , and in races on h o rse b a c k in th e P etaw aw a R iver; he w as soon p ro m o te d to th e ran k of se rg e a n t and tra n s fe rre d to a c o n tin g e n t w h ich w as d u e to jo in th e S eco n d C a n a d ian T a n k reg im en t in E u ro p e .
In flu en za was rife d u rin g th e 17 days sea-cro ssin g an d B est jo in e d in h e lp in g w ith th e tre a tm e n t of th e p a tie n ts, th e re b e in g no d o c to rs or n u rse s ab o ard . A fter th e ship had a rriv ed at A v o n m o u th th e d ra ft for th e T a n k C o rp s was se n t to a cam p n e a r R hyl in N o rth W ales, b u t before tra in in g co uld be c o m p le te d th e a rm istice was quick ly follow ed by th e e n d in g of hostilities. A lm o st in ev itab ly th e re w ere clashes a b o u t p rio ritie s fo r re tu rn to th e ir hom e c o u n trie s am o n g th e c o n tin g e n ts w ho cam e from overseas, and som e b ecam e a rm e d conflicts. B est h im se lf w ro te m any years later 'I n ev er got closer to th e fro n t th a n S o u th a m p to n a n d a sk irm ish b etw een yo u n g A u stra lia n s and C a n a d ian s o ld ie rs ' (24).
(d) Education in medicine
A t th e age of 19 B est resu m e d his stu d ie s at th e U n iv e rsity of T o ro n to , a n d soon tra n s fe rre d from a general arts co u rse to an h o n o u rs co u rse in p h ysiology and b io c h e m istry , w h ich was d esig n ed n o t only to lead to a qu alificatio n in m edical science b u t also to p ro v id e tra in in g in m edical research . A fter secu rin g his B.A . degree in 1921, he sp e n t a year in p o stg ra d u a te w ork d iv id in g his tim e b etw een b io c h e m istry (P ro fesso r H . A. W astenays), chem ical path o lo g y (P ro fesso r A. H . H u n te r) and p h ysiology (P ro fesso r J. J. R. M acleod). As B est w ro te m an y years later 'T h e fam ily in te re st in d iab e tes played a p a rt in m y selection of a d e p a rtm e n t for p o stg ra d u a te w ork in th e U n iv e rsity of T o r o n to ' (24).
W ith P ro fesso r J. J. R. M acleod he and a n o th e r s tu d e n t in v estig ated th e path w ay w h ereb y n erve im p u lses in itia te d in the m ed u lla o b lo n g ata o f th e b ra in of an anim al co u ld so influence lib e ratio n of glucose by the liver th a t a te m p o ra ry gly co su ria was in d u c e d -th e so-called p iq u re d iab e tes of C laude B ern ard .
'E v e ry p ra c tic a l p o in t w h ic h I lea rn ed in th a t year, in th e h a n d lin g o f p ro te in s , in d istilla tio n te c h n iq u e s , a n d in th e a c ce p ted p ro c e d u re s fo r in v e stig a tio n s o f c a rb o h y d ra te m eta b o lism : b lo o d a n d u rin e su g a rs, n itro g e n , k e to n e b o d ies, re s p ira to ry q u o tie n ts , glycogen e s tim a tio n s , a n d so o n , w ere u tiliz e d to th e full in th e re se a rc h w h ich I b e g a n w ith F . G . B a n tin g on th e day a fte r I h a d fin ish ed m y final e x a m in a tio n s in p h y sio lo g y a n d b io c h e m is try . T h is w as M ay 17, 1 9 2 1 ' (24).
T h e d i s c o v e r y o f i n s u l i n A lth o u g h th e c o lla b o ra tiv e re se a rc h e s o f B a n tin g a n d B est have b e e n d e s c rib e d m an y tim e s som e a c c o u n t o f th e m m u s t clearly again be given h e re . S o m e refe re n c e s to o rig in al p u b lic a tio n s w ill be fo u n d in F . G . B a n tin g 'T h e h isto ry o f in s u lin , ' Edinburgh M edical Journal, 1929, 36, 1 -6 , in C . H . B est 'F re d e ric k G r a n t B a n tin g ', O bituary Notices of Fellozvs o f the R oyal Society, 1942, 4, 2 1 -2 6 a n d in th e " R e p o rt o f th e special (a) The background W h e n B a n tin g and B est b eg an th e ir c o lla b o ra tio n in th e sp rin g o f 1921 th e fact h a d b e e n k n o w n since 1890 th a t e x p e rim e n ta l rem oval o f the p a n c re a s fro m an an im al c o u ld re su lt in th e a p p e a ra n c e of an in te n se ly a n d u ltim a te ly fatal d ia b e tic c o n d itio n . In th e n o rm a l p a n c re a s th e b u lk o f th e cells c o n s titu te th e a c in a r tissu e , w h ic h p ro d u c e s th e d ig estiv e e n z y m e s th a t are fo u n d in th e p a n c re a tic ju ic e . T h e s e en zy m es are lib e ra te d in to th e g u t (d u o d e n u m ) a n d aid d ig estio n . S c a tte re d th ro u g h o u t th e b u lk o f th e ac in a r tissu e are th e sm all 'islets o f L a n g e rh a n s ', n a m e d a fte r th e ir d isc o v e re r in 1869, th e cells o f w h ich are easily seen to be d iffe re n t fro m th ese o f th e a c in a r tissu e. D u rin g th e early years of th e p re s e n t c e n tu ry a b n o rm a litie s o f th e islets of L a n g e rh a n s w ere o b se rv e d in som e d iab e tic p eo p le a n d th e co n v ic tio n b eg an to g ro w th a t th ese islets p ro d u c e d a su b sta n c e w h ic h w as lib e ra te d d ire c tly in to th e b lo o d -s tre a m , a n d w h ic h w as an a n ti-d ia b e tic h o rm o n e . A lack or deficiency o f th is s u b s ta n c e in th e b o d y o f an an im al fro m w h ich th e p a n c re a s had been e x p e rim e n ta lly rem o v e d c o u ld be th e cause o f th e d iab e tic c o n d itio n w h ic h w as seen in such an an im al. So co n v in c e d w ere som e th a t islets of L a n g e rh a n s se cre te d such an a n tid ia b e tic h o rm o n e in th e n o rm a l anim al th a t th e su p p o se d h o rm o n e w as n a m e d 'in su lin (e )' in 1909, and again in d e p e n d e n tly in 1916, b efo re its ex isten ce had b een e x p e rim e n tally v erified.
N a tu ra lly m an y a tte m p ts w ere m ad e to p ro lo n g th e life o f an anim al fro m w h ich th e p a n c re a s h ad b een rem o v e d , or of a d iab e tic p a tie n t, by th e a d m in istra tio n of an e x tra ct of th e p an creas, b u t no clearly p o sitiv e re su lts w ere d e scrib ed u n til th o se of B a n tin g and B est, w h ich w ere p u b lish e d in 1922. M a n y p ossible reasons w ere p u t fo rw ard for th is failu re, th e co m m o n e st b ein g th a t in a sim p le e x tra ct o f th e p an creas th e in su lin w o u ld be d ig ested , o r o th erw ise in ac tiv a ted , by th e enzym es released from th e acin ar tissu e of th e p an creas.* B ut a n o th e r possible reason th a t was su g g ested for failure was th a t th e idea th a t th e islets of L a n g e rh a n s secreted an a n tid ia b e tic su b sta n c e was itse lf u n so u n d . A m o n g th o se w ho m ay have h eld th is view at th e b e g in n in g of th e 1920s was P ro fe sso r J. J. R. M acleo d the P ro fe sso r of P h y siology in th e U n iv e rsity of T o ro n to w ho in a tex tb o o k p u b lish e d in 1920 w rote:
'T h e rem oval of som e h o rm o n e n ecessary for p ro p e r su g ar m e ta b olism is, how ever, by no m ean s th e only w ay by w h ich th e resu lts can be exp lain ed , for we can assum e th a t th e p an creas ow es its influence over sugar m eta b o lism to som e change o c c u rrin g in th e c o m p o sitio n of the blood as th is c irc u la tes th ro u g h th e g la n d -a chan g e w h ich is d e p e n d e n t on th e in te g rity of th e g land an d n o t on any one enzym e or h o rm o n e w h ich it p ro d u ce s. It is o bvious th a t th e resu lts of rem oval of th e gland co uld be e x p lain ed in te rm s of e ith e r view , and in d eed th e re is b u t one e x p e rim e n t w hich w o u ld p e rm it us to decide w h ich o f th em is co rre c t. T h is consists in seeing w h e th e r th e sy m p to m s w h ich follow p a n c re a te c to m y are rem o v ed , a n d a no rm al co n d itio n re -e sta b lish e d , w hen m ean s are tak en to su p p ly th e su p p o sed m issin g in te rn a l secretio n to the org an ism ; if th ey sh o u ld be, conclusive evidence w o u ld be fu rn ish e d th a t it is by " in te rn a l secretio n and n o t by " local in flu e n ce " th a t th e g land fu n c tio n a te s ." ( F re d e ric k G ra n t B an tin g was b o rn n ear A lliston, O n ta rio , on 14 N o v e m b e r 1891 and g ra d u a te d in m ed icin e at th e U n iv e rsity of T o ro n to in 1916. H av in g sp e n t 4 years of p o stg ra d u a te w ork in su rg e ry at m ilita ry and civilian h o sp itals he began th e p rac tic e of m ed icin e in L o n d o n , O n ta rio , w here he was given a p a rt-tim e d e m o n s tra to rs h ip in th e U n iv e rsity D e p a rtm e n t of P hysiology and A n ato m y . O ne aim w as to a c q u ire a special q u alification in su rg e ry (F .R .C .S . E d in b u rg h ). * T h is explanation was rendered im probable by the observation, p ublished by Paulesco and his colleagues in 1920-21, that a significant reduction in the am ount of sugar in the blood could be induced by the intravenous ad m in istratio n to a depancreatized dog of a sim ple aqueous extract ot dog pancreas (see (1971) , 16, 29-40 w P aulesco's relevant investigations are review ed.) In O c to b e r 1920, w h ile p re p a rin g a le c tu re in p h y sio lo g y w h ich was to be d e liv e re d th e fo llo w in g m o rn in g , B a n tin g co n ceiv ed th e idea th a t if th e p a n c re a tic d u c ts of an an im al w ere lig ated , an d th e a c in a r tissu e of th e p a n c re a s th u s in d u c e d to d e g e n e ra te , an e x tra c t o f su ch a d e g e n e ra te d p a n c re a s w o u ld be e x p e c te d to be free fro m any d e s tru c tiv e actio n of d ig e stiv e e n z y m e s on th e p u ta tiv e a n tid ia b e tic su b sta n c e e x tra c te d fro m th e islets o f L a n g e rh a n s e m b e d d e d in th e a c in a r tissu e. T h e islets w ere k n o w n to rem a in largely u n affected by th e ty in g o f th e p a n c re a tic d u c ts. B a n tin g th e re u p o n reso lv ed to te s t th is p o ssib ility e x p e rim e n ta lly , b e in g u n a w a re th a t his idea w as by no m ea n s new . H is co lleagues in L o n d o n , O n ta rio , ad v ised B a n tin g to d isc u ss his p lan s w ith P ro fe sso r J. J. R. M a c le o d , P ro fe sso r o f P h y sio lo g y , in th e U n iv e rs ity o f T o r o n to , w ho w as a rec o g n ize d a u th o rity on th e m e ta b o lism o f su g a r in th e a n im al b o d y , a n d in th e a u tu m n o f 1920 B a n tin g v isited M a cle o d in T o r o n to . A lth o u g h M a c le o d p o in te d o u t th a t B a n tin g 's idea w as n o t a new one a n d w as scep tical a b o u t th e c h a n ce s o f success o f th e p ro p o se d rese a rc h , he w as p e rs u a d e d by B a n tin g to agree to a d m it h im for rese a rc h d u rin g th e fo llo w in g s u m m e r w h en M a cle o d w o u ld be v isitin g E u ro p e . M a cle o d also a g re e d to m ake av ailable som e fu n d s n e e d ed for th e ex p e n se s o f th e p ro p o se d e x p e rim e n ta l in v estig a tio n .
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T h e follo w in g year B est, a fte r g ra d u a tio n , d e c id e d to sp e n d an a d d itio n a l year in p h y sio lo g ical rese a rc h , a n d th e m o m e n to u s c o lla b o ra tio n b e tw e e n B a n tin g a n d B est b eg an on 17 M ay 1921, th e day a fte r B est h a d c o m p le te d h is u n d e rg ra d u a te w ork. M acleo d d e p a rte d for E u ro p e a ro u n d th is tim e, h a v in g left in stru c tio n s a b o u t th e m a n n e r in w h ich th e re se a rc h sh o u ld p ro ce e d .
B a n tin g a n d B est lig ated th e p a n c re a tic d u c ts in a n u m b e r of n o rm a l do g s, a n d left th e m u n tre a te d for som e w eeks, w h ich w as ju d g e d to be sufficient for d e g e n e ra tio n o f th e e n z y m e -c o n ta in in g ac in a r tissu e of th e o rg an . A sim p le a q u e o u s e x tra c t of a p an c re a s in w h ich th e a c in a r-tissu e h a d d e g e n e ra te d w as p re p a re d an d a d m in is te re d in tra v e n o u sly to a dog fro m w h ic h th e p a n c re a s h ad p rev io u sly b een rem o v e d to in d u c e an in te n se ly d iab e tic c o n d itio n .
O n 30 Ju ly 1921 B a n tin g a n d B est o b se rv e d th a t th e in je c tio n of th e ir e x tra c t in to th e veins o f a d iab e tic dog in d u ce d a su b sta n tia l fall in the a m o u n t of su g ar in th e blo o d o f th e re c ip ie n t an im al. T h is o b se rv a tio n w as re p e a te d n u m e ro u s tim es. W h e n an e x tra c t o f a n o th e r tissu e such as sp le e n w as s u b s titu te d fo r one o f p an creas, no re d u c tio n o f th e blood su g a r w as o b se rv e d in th e re c ip ie n t dog. By th e tim e th a t M acleo d was back in T o r o n to in m id -S e p te m b e r th e re w ere n u m e ro u s co n firm a to ry o b se rv a tio n s o f th is fact, b u t th e P ro fe sso r in siste d th a t th e effect of th e e x tra c t on d iab e tic dogs sh o u ld be re p e a te d for his benefit. O n ly th e n was he c o m p le te ly satisfied a b o u t th e valid ity o f th e very im p o rta n t o b se rv a tio n o f th e b lo o d -s u g a r lo w erin g action of th e e x tra ct.
S ince th e A n n u al M e e tin g o f th e A m e ric an P hysiological S ociety was d u e to be h eld in Yale U n iv e rsity , N ew H av en , C o n n e c tic u t, at th e e n d of D e c e m b e r 1921 B an tin g a n d B est ag reed w ith M acleod th a t a p re lim in a ry a c co u n t o f th e discovery sh o u ld be read to th is m ee tin g . Since n e ith e r B a n tin g n o r B est w as a m e m b e r o f th e A m e ric an P hysiological S ociety, M a c le o d 's nam e was in clu d e d w ith B a n tin g 's a n d B e s t's as a jo in t a u th o r [11]. T h is was th e cause o f m is u n d e rs ta n d in g later on.
B an tin g , w ho d eliv ered th e p a p e r, w as u n d e rs ta n d a b ly n e rv o u s at rea d in g a c o m m u n ic a tio n to a large a n d h ig h ly in te re ste d audience; M acleo d an sw ered , on b e h a lf of th e a u th o rs, som e o f th e m an y q u e stio n s th a t cam e fro m th e floor. T h e im p re ssio n was th u s given by M a cle o dp e rh a p s u n w ittin g ly -th a t he w as th e p ro g e n ito r o f th e research , an im p re ssio n th a t B a n tin g n e v e r forgave.
In N o v e m b e r 1921 B an tin g and B est to g e th e r s u b m itte d for p u b lic a tio n in th e Journal of Laboratory and Clinical M edicine th e first definitive p a p e r on th e ir jo in t in v estig atio n , w h ich w as p u b lish e d in F e b ru a ry 1922 u n d e r th e title 'T h e in te rn a l se cre tio n of th e p a n c re a s ', th e a u th o rs b e in g B a n tin g and B est alone [1]. M a n y years later B est w ro te 'P ro fe sso r M acleo d m ade no ch an g es in o u r m a n u s c rip t and it w as sen t off to th e
Journal of Laboratory and Clinical
, w h ere it a p p e are d in F e b ru a ry , 1922. T h is was th e m ate ria l w h ich we p re s e n te d on N o v e m b e r 14 b efo re th e m edical facu lty a n d g ra d u a te stu d e n ts. T h e p a p e r was e n th u sia stic a lly received. T h e r e w ere m an y good q u e stio n s an d several w ish ed to know w hen in su lin w o u ld be available for e x p e rim e n ta l an d clinical s tu d y . ' (30) .
O n 7 F e b ru a ry 1922 B a n tin g a n d B est p re se n te d a p a p e r on 'T h e in te rn a l secretio n o f th e p a n c re a s ' to th e T o ro n to A cadem y of M e d ic in e. B est related in 1963 (27, p. 37 ) th a t th e room was cro w d ed w ith p h y sic ia n s w ho had com e to h e a r a b o u t th e new tre a tm e n t, w h ich h ad alread y received som e p u b lic ity in th e daily press. T h e p a p e r read to th e T o r o n to A cadem y of M e d ic in e su m m a riz e d th e e x p e rim e n tal resu lts to d ate and stated th a t clinical tests h ad b een p lan n e d .
L a te r in 1922 a second p u b lic a tio n by B a n tin g and B est in the Journal o f Laboratory and Clinical M edicine a p p e are d in w h ich th e p re p a ra tio n of an active e x tra ct o f foetal ox p an creas w as d escrib ed . 'D aily in jectio n s of th is e x tra ct en a b le d a d e p a n cre atize d dog to live for 70 d a y s' [2] . In itia lly , th e e x tra ct w as p re p a re d u n d e r asep tic co n d itio n s by m ac e ra tio n of th e foetal p an creas in R in g e r's so lu tio n an d filtratio n o f th e liq u id , w hich was in jected in tra v en o u sly into a d e p a n c re a tiz e d dog. L a te r th ey fo u n d th a t tric re so l co u ld be ad d e d as a p rese rv ativ e w ith o u t o b serv ab le effect on th e activ ity of th e e x tract. T h e y used p an c re a s fro m foetal calves of less th a n 5 m o n th s d e v e lo p m en t. Ib ra h im in 1909 h ad been u n a b le to d e te c t active p ro te o ly tic enzym e in th e p an creas of th e h u m a n foetus u n til afte r the fo u rth m o n th of in tra u te rin e life, and B an tin g and B est th o u g h t th a t p an creas fro m foetal calves 'm ig h t pro v e a source of an e x tra ct rich in in te rn a l secretio n and yet free from th e d e stru c tiv e enzym es of p a n c re a tic ju ic e ' [2] . T h e ir p u b lic a tio n c learly sh o w ed th e a n tid ia b e tic ac tiv ity of su c h an e x tra c t. In 1956 B est [116] re c o rd e d th a t foetal ox p a n c re a s c o n ta in s a b o u t se v e n te e n tim e s as m u c h in su lin p e r g ra m on th e average as d o es a d u lt ox p a n c re a s.
B a n tin g a n d B est d isc o v e re d th a t th e active s u b s ta n c e c o u ld be e x tra c te d fro m p a n c re a tic tissu e by tre a tm e n t o f th e tissu e w ith a q u e o u s e th a n o l. T h e e x tra c te d active p rin c ip le w as sta b le in acid a q u e o u s e th a n o l, b u t w as p ra c tic a lly in so lu b le in 9 5 % a q u e o u s e th a n o l. E x tra c tio n o f n o rm a l a d u lt ox p a n c re a s w ith a q u e o u s e th a n o l, p a rtic u la rly w ith acid a q u e o u s e th a n o l, co u ld yield active m a te ria l in ex c elle n t a m o u n t, p r o v id e d th a t th e fre sh p a n c re a s w as p laced in th e a q u e o u s e th a n o l w ith o u t d e la y [5] . (B a n tin g , F. G ., 1929, Edinburgh M edical Journal, 36, 1 -18) . In su lin w as th e n a m e a d o p te d a n d is now th e o n ly o ne in g en eral use.
T h e d e v e l o p m e n t o f B a n t i n g a n d B e s t 's d i s c o v e r y d u r i n g (a) Clinical trials T o w a r d s th e e n d of 1921 B a n tin g a n d B est h a d to g e th e r a c q u ire d clear e v id e n c e th a t in su lin , th e lo n g -s o u g h t a n tid ia b e tic su b sta n c e o f th e p a n c re a s, w as p re s e n t in an e th a n o lic e x tra c t of ox p a n c re a s in a re a so n a b ly stab le state, a n d th a t th e w a te r-so lu b le m a te ria l, freed fro m e th a n o l, c o u ld be re p e a te d ly in je c te d s u b c u ta n e o u s ly in to d e p a n c re a tiz e d d o g s. In a n im a ls so tre a te d th e d ia b e tic c o n d itio n co u ld be c o n tro lle d and th e a n im al m a in ta in e d in good h e a lth fo r at least 70 days a fte r rem oval of th e p a n c re a s. T h e im p o rta n c e o f th is d isco v ery w as clear a n d w idely rec o g n ised . B ut th e efficacy of in su lin for th e tre a tm e n t o f clinical d ia b e te s had n o t yet b e e n sh o w n .
In D e c e m b e r 1921 B a n tin g su g g e ste d th a t P ro fe sso r J. B. C o llip , a C a n a d ia n b io c h e m ist w ho w as on leave fro m th e U n iv e rs ity o f A lb e rta , be b ro u g h t in to help w ith th e ch em ical c o n c e n tra tio n o f th e active su b sta n c e . M acleo d ag reed a n d C o llip q u ick ly p ro d u c e d an e x tra c t of ox p a n c re a s w h ich w as m o re p o te n t and refined, a n d w h ich could be e m p lo y e d for re p e a te d in je c tio n s in to p a tie n ts in th e tre a tm e n t o f clinical d ia b e te s. B ut, as B est related in 1956 [116] , B a n tin g and Best h ad alread y p re p a re d a sterile e x tra c t of ox p an c re a s w h ich w as h a rm less w h en in je c te d in to th em se lv e s, a n d w as a n tid ia b e tic b o th w h e n in jected in to a d e p a n c re a tiz e d dog and a d iab etic p a tie n t. N e v e rth e le ss, a sterile abscess d ev elo p ed at th e p o in t of rep e a te d in jectio n in the first p a tie n ts tre a te d in T o ro n to G e n e ral H o sp ita l on 11 Ja n u a ry 1922 [5] an d , w h e n th e b la n d m aterial p re p a re d by C o llip becam e available, th is was used.
T h e tria ls on d iab e tic p a tie n ts w ere c a rrie d o u t in T o ro n to G e n e ral H o sp ita l, in th e U n iv e rsity D e p a rtm e n t o f M e d ic in e, of w h ich th e head w as P ro fesso r D u n c a n G ra h a m . T h e s e tria ls w ere u n d e r th e d ire c t clinical su p e rv isio n of D r W . R. C a m p b e ll and D r A. A. F le tc h e r. By 22 F e b ru a ry 1922 seven d iab e tic p a tie n ts had b een successfully tre a te d w ith in su lin . ' T h e effects o b serv ed in d e p a n c re a tiz e d anim als have been p a ra lle led in m a n ' [3] .
M o st u n fo rtu n a te ly , w hen C ollip a tte m p te d to ap ply his m e th o d of p re p a ra tio n of in su lin to its large scale p ro d u c tio n it failed, and C ollip left T o ro n to on 31 M ay 1922 (M . B liss, p riv a te c o m m u n ic a tio n ). A fter m an y difficulties th e science and art of th e large scale p ro d u c tio n of in su lin w ere red isco v ered . B est later took over th e large scale p ro d u c tio n of in su lin and su b se q u e n tly becam e th e H e a d of th e In su lin D iv isio n of the C o n n a u g h t L a b o ra to rie s, a p o st he h eld u n til 1925.
(b) The action of insulin
T h e n eed for th e e x p an sio n of research on in su lin and its action was e v id e n t. P ro fesso r M acleod took ch arg e of th e in v estig atio n s d ire c te d to th e e lu c id atio n of th e m ec h a n ism of in su lin actio n , and in M ay 1922 a series of c o m m u n ic a tio n s w ere read to th e Royal S ociety of C an ad a, of w h ich a b stra cts w ere p u b lish e d in th e of th a t S ociety w ith the g eneral title '
Preliminary studies on the physiological effects T h e first of these, u n d e r th e title 'T he preparation of pancreatic extracts containing i n s u l i n , was by B an tin g , B est, C ollip and M acleo d [5] a n d w as b ip a rtite : the first p a rt d e scrib ed as preparations of the earlier extracts', w as by B an tin g an d B est, w hile th e second, by C o llip , w as e n title d ' The preparation of the extracts as used in the first clinical cases .
T h e n cam e '
The effect of insulin on normal rabbits and on rabbits re hyperglycaemic in various ways' by B an tin g , B est, C ollip, M acleod and N o b le [6] , in w hich th e alarm in g h y p e re x c ita b ility , so m etim es follow ed by com a and d e a th , w h ich co u ld follow tre a tm e n t of ra b b its w ith in su lin , was d e scrib ed . T h e th ird p a rt was e n title d ' effect produced the respiratory quotient by injections of insulin , by B an tin g , B est, C ollip, H e p b u rn and M acleod, and show ed th a t w h en in su lin w as injected in to d e p a n c re a tiz e d dogs w h ich received sucrose by m o u th , the re sp ira to ry q u o tie n t rose to a h ig h er value th a n was seen w h en su g ar was given alone. S om e resu lts of th is stu d y w ere in c o rp o ra te d later in B est's M .A . thesis [116] , and c o n stitu te d evidence, at th a t tim e, th a t th e in jected in su lin co u ld p ro m o te th e o x id atio n of th e a d m in iste re d su g ar in the d e p a n c reatized dog. T h e fo u rth of these p re lim in a ry c o m m u n ic a tio n s, u n d e r The effect o f insulin on the excretion o f ke by the diabetic dog', a n d th e re su lts d e m o n s tra te d th a t th e u rin e of th e d e p a n c re a tiz e d d o g co u ld be fre e d fro m k e to n e b o d ies by tre a tm e n t o f the a n im a l w ith in su lin [9] .
T h e o b se rv a tio n th a t tre a tm e n t w ith in su lin c o u ld so m e tim e s in d u ce c o n v u lsio n s and d e a th in ra b b its fo re w a rn e d o f th e h a z a rd s th a t m ig h t be e n c o u n te re d w h e n in su lin b ecam e w id ely available for th e tre a tm e n t of d ia b e tic p a tie n ts. In su lin tre a tm e n t is cap ab le o f rap id ly re d u c in g th e a m o u n t o f glucose in th e b lo o d to s u b n o rm a l a m o u n ts, a n d th is can be d a n g e ro u s and even fatal. T h is re d u c tio n c o u ld be p re v e n te d and th e s y m p to m s allev iated by th e p ro m p t in tra v e n o u s in je c tio n of g lucose in to th e an im al an d so c o u ld be a ttr ib u te d to th e low b lo o d su g a r per se and n o t
to a d ire c tly toxic a c tio n o f th e in su lin itself. A m ild e p iso d e o f th is so rt h a d a lre ad y b een e n c o u n te re d in th e tre a tm e n t o f a p a tie n t early in 1922 (30). M a n n a n d M a g a th h ad seen th e d e v e lo p m e n t o f sim ila r sy m p to m s in d ogs fro m w h ich th e liv er h ad b e e n rem o v e d e x p e rim e n ta lly , w ith a c o n s e q u e n t stead y fall o f th e a m o u n t of su g a r in th e b lo o d , M a n n , F. C. & M a g a th , T . B. (Am erican Journal o f Physiology 1921, 55, 2 8 5 -2 8 6 ). (c) The manufacture of insulin
T h e fact th a t d e a th c o u ld re su lt fro m th e in je c tio n o f in su lin into an an im al in an excessive a m o u n t e m p h a siz e d th a t th e m a n u fa c tu re of in su lin on a large scale fo r clinical use o u g h t to be associated w ith a m ean s o f s ta n d a rd iz in g th e biological activ ity o f th e p ro d u c t. T h e use in th e clin ic o f in su lin w h ich h ad n o t b een sta n d a rd iz e d w ith resp e c t to its a c tio n in re d u c in g b lo o d su g a r was p o te n tia lly d a n g e ro u s, a n d for th is a n d o th e r reaso n s th o se c o n c ern e d w ith th e disco v ery of in su lin agreed early in 1922 th a t a p p lic a tio n s sh o u ld be filed in C an ad a and th e U .S .A . for p ro ce ss and p ro d u c t p a te n ts. T h e B oard of G o v e rn o rs o f th e U n iv e rs ity of T o r o n to a g reed to assu m e re sp o n sib ility fo r th e a d m in is tra tio n o f th ese p a te n ts on th e basis th a t th e U n iv e rs ity w o u ld hold th em for th e sole p u rp o se of p re v e n tin g any o th e r p e rso n from tak in g o u t a s im ila r p a te n t w hich m ig h t re s tric t th e p re p a ra tio n of in su lin . 
n iv e rs ity of T o ro n to (29). B est has rec o rd e d th a t d u rin g th e early m o n th s of 1922 he fre q u e n tly v isited In d ia n a p o lis in th is co n n e ctio n , w hile D r C low es cam e to T o ro n to tw en ty -fiv e tim es th a t year (29).
T h e a g re e m e n t b e tw e en th e In su lin C o m m itte e of th e U n iv e rsity of T o r o n to and th e Eli L illy C o m p a n y w as signed on 31 M ay 1922. U n d e r it all th e k n ow n d etails of m e th o d s of th e m a n u fa c tu re of in su lin w ere disclosed by the In su lin C o m m itte e to th e C o m p a n y , and w ork was quick ly s ta rte d by th e C o m p a n y for the p ro d u c tio n of in su lin on a large scale. T h e c o m p an y agreed to su b m it sam ples of its p ro d u c t to the In su lin C o m m itte e of th e U n iv e rsity o f T o ro n to for ap p ro v al b efore d is trib u tio n to p h y sician s for use w ith p a tie n ts, an d to p ro v id e free ol charg e a p e rc e n ta g e of th e agreed p ro d u c t for use in th e lab o ra to rie s and associated h o sp itals of th e U n iv e rsity of lo r o n to .
T h e In su lin C o m m itte e th e n ap p lied for a p p ro p ria te p a te n ts in G re a t B rita in and o th e r c o u n trie s w hich m ig h t w ish to m a n u fa c tu re in su lin . In G re a t B ritain they w ere assigned to th e M edical R esearch C ouncil of G re a t B rita in on te rm s sim ilar to those u n d e r w h ich assig n atio n s had b een m ade to th e B oard of G o v e rn o rs of th e U n iv e rsity of I o ro n to , n am ely for the p u rp o se of p re v e n tin g co m m ercial e x p lo ita tio n and u n c o n tro lle d m a n u fa c tu re of in su lin . In o th e r c o u n trie s sim ilai assig n a tio n s w ere m ade to b odies of th e re q u ire d sta n d in g . I he b o d ies to w h ich rig h ts u n d e r th e p a te n ts h ad b een assigned co uld licence m a n u fa c tu re rs to p ro d u ce b io lo g ica lly -sta n d a rd iz e d in su lin u n d e r su itab le c o n tro l.
By c h a rg in g a fee fo r th e s u p e rv is io n of th e biological s ta n d a rd iz a tio n o f in su lin in N o r th A m e ric a th e U n iv e rs ity o f T o r o n to w as e n a b le d to e x p a n d its re le v a n t rese a rc h a c tiv ities.
A s a re s u lt o f th e d isc u ssio n s b e tw e e n th e In s u lin C o m m itte e of th e U n iv e rs ity of T o r o n to a n d th e M e d ic a l R e search C o u n c il o f G re a t B rita in , th e M e d ic a l R e se a rc h C o u n c il a rra n g e d for tw o se n io r m e m b e rs o f its S cien tific S taff to v isit T o r o n to in S e p te m b e r 1922 in o rd e r to learn a b o u t th e p re p a ra tio n of in su lin . T h e s e w ere D r H . H . D ale, late r S ir H e n ry D ale, th e D ire c to r of th e N a tio n a l In s titu te fo r M e d ic a l R e se a rc h , L o n d o n , a n d D r H . W . D u d le y , a m e m b e r of th e staff o f th a t In s titu te . O n e fru itfu l o u tc o m e of th is visit w as th e b e g in n in g o f lifelong frie n d sh ip a n d c o o p e ra tio n b e tw e e n H e n ry D ale a n d C h a rle s B est.
T h e p ro c e d u re d ev ised in T o r o n to fo r th e c o n tro lle d p ro d u c tio n o f in su lin u n d e r th e p a te n ts h e ld by th e In su lin C o m m itte e o f th e U n iv e rsity o f T o r o n to , fac ilita te d th e large scale m a n u fa c tu re o f in su lin in a fo rm w h ic h c o u ld be safely u sed fo r clinical p u rp o se s, th ro u g h o u t th e w o rld .
(d) The Nobel P rize, 1923
In 1923 th e N o b e l P rize fo r P h y sio lo g y a n d M e d ic in e w as a w a rd ed jo in tly to D r F . G . B a n tin g a n d P ro fe sso r J. J. R. M a cle o d 'fo r th e d isc o v e ry o f in s u lin '. N e ith e r tra v e lle d to S w ed en to receive th e aw ard p e rso n a lly , an d th e B ritish M in is te r in S to c k h o lm a ccep ted th e p riz e for tra n s fe r to th e L a u re a te s. B a n tin g gave o n e -h a lf o f th e cash he receiv ed to C h a rle s B est w hile M a cle o d sh a re d his w ith C o llip. A t th e tim e and s u b s e q u e n tly B a n tin g d id n o t d isg u ise his stro n g co n v ic tio n th a t C h a rle s B est o u g h t to have b een in c lu d e d am o n g th e rec ip ie n ts. M a r r i a g e S o o n a fte r C h a rle s B est h ad r e tu rn e d fro m w ar service in 1919 to re su m e his U n iv e rsity stu d ie s at T o r o n to he m e t M a rg a re t M a h o n , a fellow s tu d e n t w ho tra n s fe rre d fro m th e G e n e ral C o u rse to one in P o litical S cience at th e e n d o f h e r first year. In 1920 th ey becam e engaged to be m a rrie d .
T h e w e d d in g w as on 3 S e p te m b e r 1924, a n d th e m arria g e , w h ich lasted u n til C h a rle s 's d e a th , e sta b lish e d a tre m e n d o u s ly h a p p y and secure b a c k g ro u n d . M a rg a re t p ro v id e d g rea t s u p p o rt for C h a rle s 's w ork and a c co m p a n ie d him in n early all his jo u rn e y s a b ro a d , th e n a tu ra l ex cep tio n s b e in g th o se u n d e rta k e n on w ar service.
T h e tw o sons b o rn to th e m g ain ed d istin c tio n in fields q u ite d ifferen t fro m th e ir fa th e r 's. T h e eld er, A le x a n d er, was at one tim e a P ro g ressiv e C o n se rv a tiv e M e m b e r o f P a rlia m e n t for th e O n ta rio R id in g of H a lto n , a n d becam e w idely k n ow n as a fa rm e r and p la n t-b re e d e r, his lilies bein g especially ren o w n ed . T h e y o u n g er, H e n ry , becam e P re sid e n t of L a u re n tia n U n iv e rsity in S u d b u ry , O n ta rio , a n d was w ith his fath e r at th e tim e of his d eath . V ery sadly, A le x a n d er h ad a fatal h e a rt attack a few days befo re his fa th e r died. T h e d o u b le b e re a v e m e n t was a te rrib le blow for M a rg a re t, b u t h e r m o ral s tre n g th c a rrie d h e r th ro u g h w h at co u ld have b een an in su p p o rta b le p e rio d for som e. A c o n sta n t a m o u n t of glucose in th e blood co u ld be e n su re d by th e c o n tin u o u s in tra v en o u s infu sio n of a so lu tio n of glucose of su ita b le c o n c e n tra tio n . W h e n in su lin was ad d e d to th e in fu sed glucose so lu tio n th e blo o d glucose c o n c e n tra tio n fell a n d c alcu latio n show ed th a t th e rate o f o x id atio n of glucose in th e anim al was su b sta n tia lly raised. H e re w as an ex cellent system in w h ich to stu d y th e fate of th e glucose w h ich d isa p p e a re d . So d e sp ite his resolve to tu rn his a tte n tio n to m a tte rs o th e r th a n in su lin at th is tim e Best fo u n d h im se lf led back to an e x a m in atio n of th e action of th is h o rm o n e . B ut w hile he was at th e N atio n al In s titu te for M edical R esearch Best ex am in ed th e m eta b o lism of h ista m in e in lu n g tissue, in w hich it had been fo u n d to exist. H e dev elo p ed a m eth o d for the assay ot h ista m in e in tissues and fo u n d th a t h ista m in e w h ich w as ad d ed to lung tissu e rap id ly d isa p p e a re d , w hile th a t n a tu ra lly p rese n t also steadily d im in ish e d in a m o u n t. A lth o u g h th is held also for an e x tra ct ot lu n g tissu e the effect was no t seen w ith an e x tra ct th a t had been h eated [34] , T h e p resen ce in the tissue of an enzym e 'h ista m in a se ' was p o stu la te d , and a lth o u g h s u b s e q u e n t d e v e lo p m e n ts have rev ealed th a t th e d isa p p e a ra n c e o f h ista m in e fro m lu n g tissu e w as n o t th e re s u lt o f th e a ctio n o f a single e n z y m e , th ese o b s e rv a tio n s w ere th e s ta rtin g p o in t o f m an y im p o rta n t in v e stig a tio n s by o th e rs.
1925-
I t w as fo rtu n a te fo r th e B ests th a t d u rin g th e tim e th a t th ey w ere in E u ro p e th e trie n n ia l P h y sio lo g ical C o n g re ss took place in S to c k h o lm in 1926, a n d th ey m e t m an y d istin g u is h e d p h y sio lo g ists as a re su lt. C h a rle s B est rea d a p a p e r on in su lin to th e C o n g re ss, w h ic h b eg an a d isc u ssio n w h ic h led to n u m e ro u s new c o n ta c ts. I t w as a m o st fru itfu l tim e.
A s th e re s u lt of th e rese a rc h he h ad p u rs u e d at th e N a tio n a l In s titu te fo r M e d ic a l R e se a rc h , B est, w ith D a le 's a g re e m e n t, d e c id e d to re g iste r fo r th e d e g re e of D .S c . (L o n d o n ). T h e n e cessary fo rm a litie s w ith th e U n iv e rs ity o f L o n d o n w ere a rra n g e d b u t th ese in v o lv ed a lo n g er p e rio d in L o n d o n th a n h ad o rig in a lly b een p la n n e d . T h e B ests r e tu rn e d to L o n d o n fo r a p e rio d in 1928 a n d th e d eg ree w as sa tisfa c to rily g ain ed .
In 1926 B est w as in v ite d to o c c u p y a P ro fe sso rsh ip of P h ysiological H y g ie n e in th e U n iv e rs ity o f T o r o n to , a n d a lth o u g h th e re w ere te m p tin g p o ssib ilitie s a b ro a d C h a rle s a n d M a rg a re t B est alw ays re m a in e d fu n d a m e n ta lly C a n a d ia n , an d th e in v ita tio n w as a c ce p ted an d th e p o st o c c u p ie d in 1927. In 1929 P ro fe sso r J. J. R. M a cle o d w as in v ited to b eco m e th e R egius P ro fe sso r o f P h y sio lo g y at A b e rd e e n , h is old U n iv e rs ity , a n d d ecid ed to a c ce p t. T h e C h a ir o f P h y sio lo g y in T o r o n to , w ith th e H e a d sh ip o f th e D e p a r tm e n t o f P h y sio lo g y , w as th e n offered to C h a rle s B est and he a c c e p te d . So, at th e age o f 30 C h a rle s B est becam e th e H e a d o f th e D e p a r tm e n t in w h ic h he a n d B a n tin g had b e g u n th e ir c o o p e ra tio n 8 years p re v io u sly .
In 1923 B est had b een p e rs u a d e d by B a n tin g to b eco m e a R esearch A sso ciate in th e B a n tin g a n d B est D e p a rtm e n t o f M ed ical R esearch w h ic h h ad rec e n tly b een set u p , an h o n o ra ry p o st w h ich he held u n til 1941. A fte r B a n tin g 's d e a th in 1941 B est w as a p p o in te d D ire c to r of th e B a n tin g and B est D e p a rtm e n t o f M ed ical R esearch in th e U n iv e rs ity of W h e n in su lin becam e w idely available in th e 1920s an im p o rta n t m a tte r to be e sta b lish e d was w h e th e r or n o t th e c o n tro l o f th e sy m p to m s o f d ia b e te s m ellitu s in th e d e p a n c re a tiz e d dog was alone sufficient to keep th e a n im al in good h e a lth in d efin itely . If th is was so th en th e action o f th e d ig estiv e en zy m es p ro d u c e d by th e p a n c re a s, a n d o f any o th e r su b sta n c e s a p a rt fro m in su lin , w as n o t essential for th e su rvival of th e an im al. T h is q u e s tio n w as in v estig a ted in th e D e p a rtm e n t o f P hysio lo g y o f th e U n iv e rs ity of T o ro n to , u n d e r th e gen eral su p e rv isio n of P ro fe sso r J. J. R. M a cle o d , by D r F. N . A llan and o th e rs. In su m m a ry , th e d e p a n cre atize d dog w as fo u n d to d e p e n d for long survival no t only on a d e q u a te in su lin th e ra p y b u t also on a d iet w h ich p ro v id e d sucrose as a so u rce of easily a b so rb e d food en erg y , to g e th e r w ith raw p an c re a s as a source of digestive en zy m es, and possibly o f o th e r su b sta n c e s. T h e in su lin -tre a te d d e p a nc re a tiz e d dog given an a d e q u ate su p p ly of such food a p p e are d to be able to su rv iv e for m any years (M acleo d , J. J. R. 1926 Carbohydrate metab olism and insulin, L o n g m a n s, G re e n a n d C o.). If th e food d id n o t c o n tain raw p an c re a s th e a n im a ls's liver slow ly a c cu m u la te d m u ch fat, and th e an im al died. J. M . H e rsh ey , in th e in su lin -te s tin g lab o ra to ry in T o ro n to , a c ce p tin g th e view th a t p h o sp h o lip id s are c o n c ern e d w ith th e tra n s p o rt of fat, ad d e d c ru d e egg-yolk lecith in to th e food o f in su lin -tre a te d d e p a ncre a tiz e d dogs th a t h ad d ev elo p ed signs of liver d y sfu n c tio n w h en th ey lived on a d iet of lean m eat and sucrose. T h e anim als w ere m a in ta in e d in an a p p a re n tly h e a lth y c o n d itio n , a n d w h e n th e liver fat was e stim a ted in tw o of th e m after a year o f daily a d d itio n of lecith in th e food, it w as fo u n d to be n o rm a l. H e rsh ey c o n c lu d e d th a t th e p a n c re a tic enzym es are n o t essen tial for life in th e d e p a n cre atize d dog (H e rsh e y , J. M . 1930 American Journal of Physiology, 93, 6 5 7 -658). T h e s e o b se rv a tio n s w ere co n firm ed a n d am plified by H e rsh e y , J. M . & S oskin, S. 1931 American Journal of Physiology, 98, 7 4 -8 5 . In 1937 T u c k e r & E p ste in m ad e th e im p o rta n t discovery th a t th e am in o -ac id m e th io n in e , a c o n s titu e n t of m an y p ro te in s, possessed lip o tro p ic activity. T h is o b se rv a tio n was clearly relev an t to th e fact th a t som e p ro te in s, b u t n o t all, are m ild ly lip o tro p ic . In th e h a n d s of d u V ig neaud and his colleagues a d e m o n s tra tio n of th e fact th a t th e m eth y l g ro u p of m e th io n in e could be tra n s fe rre d in ta c t to a su ita b le s tru c tu re to p ro v id e for th e sy n th esis of choline and o th e r su b sta n c e s o p en ed a new and im p o rta n t line of in q u iry . S ingle c a rb o n ato m s co u ld in ce rtain c irc u m stan ces be m ade available for th e b io sy n th e sis of m an y im p o rta n t su b sta n c e s, in clu d in g ch o lin e, folic acid and v ita m in B 12.
In th e m ea n tim e C h arles B est and his colleagues show ed th a t choline deficiency cou ld be in d u ce d in a v ariety of anim al species by d ietary m a n ip u la tio n , and th a t u n d e r c o n tro lle d c o n d itio n s c h o lin e a d m in is tra tio n c o u ld p re v e n t th e d e v e lo p m e n t o f h e p a tic c irrh o sis, a n d c u re it if th e c irrh o sis w ere n o t severe. C h o lin e deficiency re su lte d in renal in ju ry in y o u n g rats, w h ic h c o u ld in d u c e h y p e rte n s io n . H e p a r i n B e s t's in te re s t in h e p a rin s te m m e d fro m th e p ro b le m s cau sed by th e c lo ttin g of b lo o d in th e c a n n u la e e m p lo y e d fo r th e m e a s u re m e n t o f b lo o d p re s s u re in th e assay o f h ista m in e a n d ch o lin e at th e N a tio n a l I n s titu te for M e d ic a l R e se a rc h , L o n d o n , in 1925-27. T h e p ro d u c tio n o f m o re p u rifie d h e p a rin th a n w as available on a large scale w as in v e stig a te d in th e C o n n a u g h t L a b o ra to rie s , U n iv e rs ity o f T o r o n to , by a g ro u p w h ich in c lu d e d B est, D . A. S c o tt a n d A. C h a rle s. By 1936 ox lu n g had b e e n rec o g n ize d as a rich a n d c h e ap so u rc e o f h e p a rin , an d as a re su lt o f th e in v e stig a tio n s of S c o tt a n d C h a rle s, in p a rtic u la r, h e p a rin in a fo rm su ita b le fo r clinical use b e c am e available in 1937. P h y s i o l o g y o f e x e r c i s e W h ile he w as in L o n d o n in 1928 C h a rle s B est b e g a n an in v estig a tio n in A. V. H ill's L a b o ra to ry at U n iv e rs ity C ollege, L o n d o n , on th e re s p ira to ry p h y sio lo g y o f a th le te s. E a rlie r, A. V. H ill h ad d ev elo p ed e le c tro m a g n e tic m e th o d s fo r th e stu d y o f th e d y n a m ic s o f s p rin t ru n n e rs , a n d la te r he gave th e e q u ip m e n t to C h a rle s B est. W ith th is a p p a ra tu s C h a rle s B est a n d R u th P a rtrid g e s tu d ie d th e p e rfo rm a n c e of tw o C a n a d ia n s p rin te rs , w ho w ere at th a t tim e th e fastest in th e w o rld . B est also e x a m in ed th e b lo o d su g a r v alu es of te n c o n te s ta n ts im m ed ia te ly afte r th e 1928 O ly m p ic m a ra th o n race in A m ste rd a m . T h e resu lts w ere p u b lis h e d in 1928 by B est & P a rtrid g e [33] . H y p o g ly c a em ia was fo u n d in th re e o f th e ten m a ra th o n ru n n e rs .
N i g h t v i s i o n D u r in g th e 1939-45 W a r B est serv ed in th e D iv isio n o f N aval M ed ical R e se a rc h o f th e R oyal C a n a d ia n N avy, u ltim a te ly rea c h in g th e rank of S u rg e o n C a p ta in . P ro fe sso r A. V. H ill su g g e ste d th a t n ig h t vision w as a v a lu a b le su b je c t for s tu d y in th e N av y and th e g ro u p th a t B est fo rm ed in v e stig a te d th is q u e stio n . T h e R oyal N av y h ad stu d ie d in G re a t B ritain th e p o ssib le value of red lig h tin g fo r use in sh ip s at n ig h t, an d o b ta in e d d isc o u ra g in g resu lts. B ut th ese te sts w ere c a rrie d o u t u n d e r m o o n lig h t, a n d w h e n th ey w ere re p e a te d by B est a n d S o la n d t w ith red lig h tin g in o th e rw ise c o m p le te ly dark s u rro u n d in g s , im p ro v e d n ig h t vision was o b se rv e d . S u rg e o n C o m m a n d e r D . Y. S o la n d t was in c h arg e of th e n ig h t visio n stu d ie s c a rrie d o u t for th e R oyal C a n a d ia n N avy. T h e re su lts of th is w ork w ere so successful th a t red lig h tin g was a d o p te d n o t only by the C a n a d ia n N avy b u t also by th e U .K . and U .S . A. navies. T h e use of red lig h tin g at sea p ro v id e d a significant a d v an tag e for th e allied navies in th e ir w ar at sea w ith Ja p a n ((27) p. 680).
G l u c a g o n W h e n insu lin becam e w idely available m an y o b serv ed th a t th e in tr a v enous in jection into anim als of a c ru d e p re p a ra tio n resu lte d in a sm all, ev an escen t rise of blo o d sugar, w h ich was follow ed by a m u ch b ig g er fall.
T h e te m p o ra ry rise was later fo u n d to resu lt fro m an increase in th e rate of c o n v ersio n o f liver glycogen to blood glucose. K im b all and M u rlin in 1923 su ggested th a t the te m p o ra ry rise o f blo o d glucose was a ttrib u ta b le to th e p resen ce in th e in su lin of a n o n -in s u lin c o n ta m in a n t w hich they n a m e d 'g lu c a g o n '. Best and his colleagues [125] later o b se rv e d th a t th e in jectio n in to p a rtially d e p a n c re a tiz e d n o n -d ia b e tic an im als of large a m o u n ts of pu rified glucagon co u ld resu lt in a p ro lo n g e d or even p e rs is te n t hyp erg ly caem ia. M o re o v e r p ro lo n g e d tre a tm e n t of n o rm al ra b b its in d u ce d a rise of b lo o d su g ar w hich could p e rsist for u p to 63 days [135] . Since glucagon is se cre te d by the A cells of th e p a n c re a tic islets w hile in su lin com es fro m th e B cells, th e p ro d u c tio n of a p e rsiste n t h y p e rg ly c ae m ia by the in jectio n of g lucagon was ol p aradoxical in te rest. W e reco rd o u r th a n k s to P ro fesso r Irv in g F ritz of th e B an tin g and B est D e p a rtm e n t of M ed ical R esearch for m u c h useful in fo rm a tio n , in c lu d in g e lu c id atio n of th e orig in of th e B an tin g In s titu te , U n iv e rsity of T o ro n to . P ro fe sso r M ich ael Bliss, of the D e p a rtm e n t of H isto ry , U n iv e rsity of T o ro n to , is w ritin g a co m p re h en siv e a c co u n t of the discovery o f in su lin and has g en ero u sly sent us d ra ft c h a p te rs of his w ork as th ey have b een w ritte n , in w h ich he d escrib es m u c h u n p u b lis h e d relev an t m ate ria l th a t he has d isco v ered in T o ro n to and elsew here. 1 wo visits to U am b rid g e b \ P ro fe sso r Bliss p ro v id e d o p p o rtu n itie s for valuable discu ssio n s fro m w hich we have d eriv ed m u c h benefit and for w hich we are w arm ly g rate fu l. F inally we w ish to th an k M rs C. N . L ee C resw ell for th e p a tie n ce and care w ith w hich she has assisted us in the p ro d u c tio n of the m a n u sc rip t. 
